Summary Chromosome numbers were determined for 61 individuals of Eleocharis kamtschatica, collected from 4 localities in Japan and 1 locality in Alaska. Seven continuous intraspecific aneuploids of 2nϭ41-47 were found, and those with 2nϭ41, 43, 45, and 47 are reported for the first time here. The most common number was, 2nϭ42, found in 36 (59%) of the individuals studied. The plants with 2nϭ42, 44, and 46 had 34 small chromosomes and 8-12 large chromosomes. The number of large chromosomes increased as the aneuploid number increased, and the size of the large chromosomes did not differ among aneuploids, suggesting that aneuploidy in E. kamtschatica might have arisen by chromosome duplication and not agmatoploidy. The 2nϭ45 plants had an intermediate karyotype of 2nϭ44 and 46, and might have originated from the hybridization of 2nϭ44 and 2nϭ46. However, the 2nϭ41ϭ10Lϩ31S, 2nϭ43ϭ8Lϩ35S and 2nϭ47ϭ10Lϩ37S most probably originated from nondisjunction during meiosis or an irregular meiosis configuration with multivalent chromosomes.
Eleocharis kamtschatica (C. A. Mey.) Kom. is distributed throughout Asia (China, Japan, Korea and Russia) and North America (Alaska, Newfoundland-Labrador and Quebec), and occurs mainly in wet and sandy coastal areas (Koyama 1961 , Smith et al. 2002 . Eleocharis kamtschatica is one of about 20 species belonging to subseries Eleocharis (González-Elizondo and Peterson 1997) . It has been reported that subseries Eleocharis has many intraspecific aneuploids (Håkansson 1958 , Strandhede 1965 , 1966 , 1967 , Harms 1968 , Kozhevnikov et al. 1986 , Bureš et al. 2004 , Yano et al. 2004 ), but there have been few studies on the origin of intraspecific aneuploidy in the genus Eleocharis. In the genus Carex, 2 forms of aneuploidy have been proposed (Schmid 1982 , Cayouette and Morisset 1986 , Whitkus 1991 : (1) quantitative aneuploidy, resulting from the duplication or deletion of whole chromosomes; and (2) qualitative aneuploidy caused by the fission (agmatoploidy) or fusion of chromosomes. Both forms of aneuploidy are possible in the genus Eleocharis, since the presence of diffuse centromeric chromosomes may enable fragments to persist.
The chromosome numbers of Eleocharis kamtschatica, 2nϭ12, [38] [39] [40] 42, 44, 46 and 56, have been reported by Strandhede (1967) , Taylor and Mulligan (1968) , Kozhevnikov et al. (1986) , Hoshino et al. (2000) and Yano et al. (2004) . Cytological studies on Japanese E. kamtschatica were carried out by Strandhede (1967) and Yano et al. (2004) . Strandhede (1967) reported 2nϭ42 in eight plants from Chiba Prefecture and 2nϭ46 in one plant from Nagano Prefecture in Honshu. Yano et al. (2004) observed 2nϭ44 and 46 in two individuals from Hokkaido Prefecture. However, few individuals were studied within each population. Accurate karyomorphological studies, based on many individuals of E. kamtschatica, remain important for clarifying how aneuploidy has oc-curred in the genus Eleocharis.
This paper reports the chromosome numbers and karyotypes in 61 individuals of Eleocharis kamtschatica from Hokkaido Prefecture in Japan and from Alaska. The aim of this study was to clarify the origin of intraspecific aneuploid in this species.
Materials and methods
Cytological observations were conducted on 61 individuals of Eleocharis kamtschatica, collected from four localities of Hokkaido Prefecture in Japan and one locality of Alaska in the USA. Voucher specimens and localities of the material are listed in Table 1 . Somatic chromosomes were observed in the meristematic cells of root tips. The root tips were pretreated in 0.002 M 8-hydroxyquinoline solution for 1 h at 23°C and 15 h at 4°C. They were fixed in acetic alcohol (1 : 3) for over 16 h at Ϫ20°C or for 1.5 h at 23°C, stained by Feulgen's nuclear reaction, macerated in a mixture of 2% pectinase and 2% cellulase for 1 h at 37°C, restained in 1% aceto-orcein and squashed. Voucher specimens have been deposited in the Herbarium of Okayama University of Science (OKAY) and the University of Michigan Herbarium (MICH).
Results
Seven types of continuous intraspecific aneuploids, 2nϭ41, 42, 43, 44, 45, 46 and 47, were observed in the 61 plants (Table 1 ). The 2nϭ42, 44 and 46 aneuploids confirm previous reports (Strandhede 1967 , Hoshino et al. 2000 , Yano et al. 2004 for Eleocharis kamtschatica, whereas 2nϭ41, 43, 45 and 47 are reported for the first time in this study.
The somatic chromosomes were grouped by size into large (L) and small (S). L chromosomes were over 3.0 mm long and S chromosomes were less than 2.5 mm long. The smallest chromosome number, 2nϭ41, was found in 2 individuals from 2 localities. Somatic chromosomes ranged from 4.0 to 1.7 mm in length, and the karyotype formula was 2nϭ41ϭ10Lϩ31S (Fig. 1A) . The most common number, 2nϭ42, was found in 36 (59%) of the individuals, and from all localities. Somatic chromosomes ranged from 3.5 to 1.5 mm in length, and the karyotype formula was 2nϭ42ϭ8Lϩ34S (Fig. 1B) . The 2nϭ43 was found in eight individuals from 3 localities. Somatic chromosomes ranged from 4.0 to 1.6 mm in length, and the karyotype formula was 2nϭ 43ϭ8Lϩ35S (Fig. 1C) . The 2nϭ44 was found in 10 individuals from 1 locality. Somatic chromosomes ranged from 3.5 to 1.5 mm in length, and the karyotype formula was 2nϭ44ϭ10Lϩ34S (Fig.  1D ). The 2nϭ45 was found in 2 individuals from 1 locality. Somatic chromosomes ranged from 3.5 to 1.0 mm in length, and the karyotype formula was 2nϭ45ϭ11Lϩ34S (Fig. 1E) . The 2nϭ46 was found in 2 individuals from 1 locality. Somatic chromosomes ranged from 4.0 to 1.7 mm in length, and the karyotype formula was 2nϭ46ϭ12Lϩ34S (Fig. 1F) . The 2nϭ47 was found in 1 individual from 1 locality. Somatic chromosomes ranged from 4.0 mm to 1.4 mm in length, and karyotype formula was 2nϭ47ϭ10Lϩ37S (Fig. 1G) .
In this study, intraspecific aneuploids within the same population were found in the following three populations: 2nϭ41-47 from the Yufutsu population; 2nϭ42 and 43 from the Kushiro population; and 2nϭ41-43 from the Shiranuka population (Tables 1, 2 ).
Discussion
Eleocharis kamtschatica belongs to subseries Eleocharis (González-Elizondo and Peterson 1997), where intraspecific aneuploids are thought to be common (Håkansson 1958 , Strandhede 1965 , 1966 , 1967 , Harms 1968 , Kozhevnikov et al. 1986 , Bures et al. 2004 , Yano et al. 2004 . Cytological studies on E. kamtschatica have been carried out by Strandhede (1967) , Cytological studies in Eleocharis kamtschatica gan (1968), Kozhevnikov et al. (1986 ), Hoshino et al. (2000 and Yano et al. (2004) . Taylor and Mulligan (1968) observed 2nϭ12 from the Queen Charlotte Islands in Canada. Strandhede (1967) , Kozhevnikov et al. (1986) , Hoshino et al. (2000) and Yano et al. (2004) reported 2nϭ38-40, 42, 44, 46 and 56 from Asia (central Nepal, Japan and Russia). Cytogeographically, 2 types of intraspecific variation in chromosome number have been reported in the genus Carex: (1) population-level variation in C. blepharicarpa, C. duvaliana and C. stenostachys. (Hoshino et al. 1993 , Hoshino and Okamura 1994 , Hoshino and Onimatsu 1994 ; and (2) geographic variation, exemplified by C. conica, C. oxyandra and C. sociata (Hoshino 1992 , Hoshino and Waterway 1994 , Ohkawa et al. 2000 . Mixoploids within the same root-tip or rhizome were also reported in 1 individual of E. palustris subsp. vulgaris of subseries Eleocharis (Bureš et al. 2004) . In this study, continuous intraspecific aneuploids, 2nϭ41-47, were found in the Yufutsu population, 2nϭ42 and 43 were found in the Kushiro population and 2nϭ41-43 were found in the Shiranuka population (Table 1 ). This pattern of intraspecific aneuploidy in Eleocharis kamtschatica, with many cytotypes occurring in the same population, is similar to that found in Carex blepharicarpa, C. duvaliana and C. stenostachys (Hoshino et al. 1993 , Hoshino and Okamura 1994 , Hoshino and Onimatsu 1994 . However, mixoploids were not found in E. kamtschatica in this study. Strandhede (1965 Strandhede ( , 1966 reported 4 different ploidy levels of subseries Eleocharis in Europe: (1) 2nϭ16; (2) 2nϭ38 or 39; (3) 2nϭ46; and (4) 2nϭ74-82. Taxa in this subseries with 2nϭ16 have a bimodal karyotype with 4 large chromosomes and 12 small chromosomes (Tanaka 1948 , Strandhede 1965 , Bureš et al. 2004 , Yano et al. 2004 . Based on karyotype analyses and molecular phylogeny, Yano et al. (2004) reported that the chromosomes of E. kamtschatica result from polyploidy of the taxa with 2nϭ16. In this study, the 2nϭ42ϭ8Lϩ34S and 2nϭ43ϭ8Lϩ35S karyotypes of E. kamtschatica had 8 large chromosomes. Our results suggest that the eight large chromosomes in E. kamtschatica might have arisen by the duplication of 4 large chromosomes in taxa with 2nϭ16 in the subseries Eleocharis.
Two forms of the origin of aneuploidy were proposed in the genus Carex (Schmid 1982 , Cayouette and Morisset 1986 , Whitkus 1991 : (1) quantitative aneuploidy, and (2) qualitative aneuploidy. Strandhede (1965) reported 2nϭ42-50 for intraspecific aneuploids in Eleocharis uniglumis, a closely related congeneric of E. kamtschatica. These intraspecific aneuploids were thought to be caused by fusion or fragmentation due to the holocentric character of Eleocharis chromosomes. In this study, the 2nϭ42ϭ8Lϩ34S, 2nϭ44ϭ10Lϩ34S and 2nϭ46ϭ12Lϩ34S plants had 34 small chromosomes (Fig. 1) . Our data indicate that the number of large chromosomes increased as the chromosome number increased. Hoshino (1981) reported that when the chromosome number increases by agmatoploidy in the genus Carex, both the length and width of all chromosomes tend to become smaller. In this study, both the length and width of the large chromosomes were the same among the aneuploids. Our results suggest that aneuploidy with an increase in the number of large 2006 145 Cytological studies in Eleocharis kamtschatica In the 2nϭ41ϭ10Lϩ31S, 2nϭ43ϭ8Lϩ35S and 2nϭ47ϭ10Lϩ37S karyotypes, the small chromosomes increased in number as the chromosome number increased. These results indicate that the 2nϭ41, 2nϭ43 and 2nϭ47 could have originated from a nondisjunction during meiosis or an irregular meiosis configuration with multivalent chromosomes. Many irregular meiotic configurations of the genus Eleocharis have been reported (Harms 1968) . Future studies should include examining more samples and their meiotic configurations in order to fully understand the origin of intraspecific aneuploids in the genus Eleocharis.
